Purpose-To determine the association between maternal exposure to childhood maltreatment (CM) and risk of stillbirth (≥ 20 weeks' gestation).
Introduction
Approximately 1 in 160 pregnancies ends in stillbirth in the United States, defined as a fetal death at or after 20 weeks' gestation. 1 The rate of stillbirth has plateaued in recent years, particularly for early stillbirths. 1 While some clinical risk factors for stillbirth have been identified, including some pregnancy disorders, obesity, and maternal age, relatively little research has focused on psychosocial determinants of stillbirth, particularly those which encompass early life adversity. 2 Childhood maltreatment (CM), defined as sexual, physical, or emotional abuse and/or neglect in childhood, is a prevalent stressor that has been associated with several health outcomes, such as hypertension, chronic pain, ischemic heart disease, and autoimmune diseases later in life. [3] [4] [5] [6] A growing number of studies have found that childhood sexual abuse, a component of CM, is associated with increased risk of adverse pregnancy outcomes, including preterm labor and preterm birth. [7] [8] [9] [10] [11] [12] However, few investigators have examined the relationship between CM and stillbirth.
CM may increase the risk for stillbirth via stress-related pathways in a manner similar to significant life events, which have been associated with stillbirth. [13] [14] [15] [16] For example, stress is linked to preeclampsia and placental abnormalities, which are risk factors for stillbirth. 17, 18 Also, stress-related risky behaviors such as unhealthy coping devices, including overeating, smoking, and alcohol abuse, are associated with CM. 19, 20 These coping devices increase the risk of adverse health outcomes, such as obesity, depression, and hypertension, which have been associated with adverse pregnancy outcomes, including stillbirth. 19, [21] [22] [23] Additionally, CM is associated with common reproductive tract infections such as bacterial vaginosis and unsafe sexual practices that increase the risk of sexually transmitted infections, such as chlamydia, gonorrhea, and syphilis, which have also been associated with stillbirth. [24] [25] [26] [27] [28] [29] [30] [31] As previously reported, non-Hispanic black women may have a higher prevalence of CM and they experience a disproportionate burden of stillbirth, with a rate two times that of nonHispanic white women. 1, 14, 32 If CM increases the risk of adverse pregnancy outcomes, the potentially higher prevalence of CM among non-Hispanic black women may explain some of the disproportionate burden of stillbirth among these women. Similarly, among Hispanic women, acculturation is associated with both CM and adverse pregnancy outcomes and the relationship between CM and stillbirth may differ depending on level of acculturation. [33] [34] [35] [36] A better understanding of life course stressors that may drive racial and ethnic disparities has been identified as a priority research area for perinatal outcomes, including stillbirth. 37 This study tests the hypothesis that history of exposure to CM is associated with stillbirth. In addition, we assess whether different types of CM (physical abuse, sexual abuse, emotional abuse, physical neglect, and emotional neglect) have different associations with stillbirth, and if this varies with respect to race/ethnicity and acculturation.
Materials and Methods
The Rhode Island and counties in Massachusetts, Georgia, Texas, and Utah. Investigators chose hospitals to obtain a sample of at least 90% of all deliveries to residents in each area. The final cohort included 663 women with a stillbirth (cases) and 1,932 women with a live birth (controls) selected through a stratified random method. 38 The study was approved by the Institutional Review Board at each study site. In 2009, women who had consented to future contact in SCRN and could be reached for follow-up underwent an extensive telephone interview in English or in Spanish between six months and three years after the index delivery. 16 CM was assessed during this SCRN-OASIS interview using the Childhood Trauma Questionnaire (CTQ), a 28-item self-report that yields scores for five subscales: physical abuse, sexual abuse, emotional abuse, physical neglect, and emotional neglect, and a 3-item minimization/denial score. 39, 40 The CTQ has been translated to Spanish, used in diverse populations, and administered over the telephone. [41] [42] [43] [44] For this analysis, we excluded multiple gestations, stillbirths attributed to genetic/structural or umbilical cord abnormalities, and intrapartum stillbirths because they are unlikely to cause CM-related stillbirth via a stress-related pathway and intrapartum stillbirths may instead reflect quality and timing of care. 45 Controls excluded infants with a gestational age <37 weeks, those admitted to a neonatal intensive care unit, and those who died since they represent adverse outcomes that may be affected by CM. 46 We also excluded individuals with a missing CTQ. Individuals missing ≥2 responses on a subscale were excluded from analysis of that scale. We imputed missing values for individuals missing one question on a subscale by using the average of the subscale. Our final sample included 133 stillbirths and 500 healthy term live births (Figure 1 ).
The SCRN study design requires a weighted analysis to account for differential consent, determined from characteristics documented for all eligible, screened deliveries, and sampling methods. 38 Due to substantial loss to follow-up in the SCRN-OASIS study (53% in cases, 58% in controls), the SCRN weights could not be directly applied to this population ( Figure 1 ). To adjust for loss to follow-up and to apply the SCRN study weights, we calculated a stabilized inverse probability weight to relate the SCRN-OASIS study population to the SCRN population. For this weight, we used factors related to participation in SCRN-OASIS (case/control status, maternal race/ethnicity, maternal education, maternal smoking status, insurance, and study site). We multiplied the stabilized inverse probability weight by the original study weight. This product was then multiplied by a separate constant for cases and controls so that the sum of the weights in each group was the same as in the original SCRN study.
Based on scoring guidelines, CM subscale scores CM were categorized as none to minimal, low to moderate, moderate to severe, and severe to extreme. 39 Because CM is a sensitive topic and some research suggests that participants may be less comfortable disclosing such topics via a telephone interview, we chose the most sensitive cut point to dichotomize the exposure variable, comparing the "none to minimal" category to a combined category reflecting "low to extreme" exposure. 47, 48 We also calculated a summary variable of overall CM exposure (any vs. none) using these dichotomous values.
We evaluated differences in covariates, including hypothesized mediators, and types of CM, between stillbirths and live births using Rao-Scott chi-square tests ( Figure S1 ). In order to evaluate differential social determinants of stress experienced by non-Hispanic white women, non-Hispanic black women, and Hispanic women, we evaluated the distribution of CM stratified by race/ethnicity. Within the Hispanic group, we further stratified by language of the follow-up interview as a proxy for acculturation.
We used logistic regression models to assess the associations between types of CM and stillbirth in the total and stratified populations. We evaluated maternal education, as a proxy for childhood socioeconomic status, and maternal age as potential confounders based on the proposed relationships between variables ( Figure S1 ). We did not evaluate variables such as smoking and obesity as confounders because we hypothesized that these variables were on the causal pathway. We conducted confounding assessment using the backwards change in estimate approach. We also evaluated time between index delivery and follow-up interview as a covariate due to the wide range in follow-up times (six months to three years).
Given the potential for exposure misclassification, we conducted a probabilistic bias analysis on the weighted summary data. Bias parameters were informed by the minimization/denial scale. This scale consists of three statements that are used to identify individuals with a tendency to give socially desirable responses or individuals who may be underreporting CM. 39, 49 Due to uncertainty in estimating bias parameters, trapezoidal distributions were used. 50 Based on the distribution of scores, the sensitivity among stillbirths and live births was assumed to fall between 0.60 and 1.00 (Table S1 ). The upper and lower modes specified in the trapezoidal distribution were altered for stillbirth and live births to reflect potential differential reporting. Since false positives are not perceived to be an issue in this study, the specificity ranged between 0.95 and 1.00. As the minimization/denial scale indicates general underreporting and is not specific to each type of CM, we used the same bias parameters for each type. Sensitivities and specificities were correlated since the proportion of underreporting was not substantially different between stillbirths and live births.
All statistical tests used a p-value of <0.05 to determine statistical significance. Analyses were performed using SAS, version 9.4 (SAS Institute INC., Cary, North Carolina) and SUDAAN version 11.0 (Research Triangle Institute, Research Triangle Park, North Carolina). 51 
Results
The results reported in this analysis reflect unadjusted models because there was no meaningful difference between unadjusted models and those adjusted for covariates using the backwards change in estimate approach (results not shown). Women with healthy term live births were more likely than women with stillbirths to be non-Hispanic white, have at least some college education, be married, have a BMI within the normal range, have insurance, and not have an intervening pregnancy (Table 1) . There was no difference in the distribution of maternal age, depression score at the time of the follow-up interview, smoking, alcohol or drug use, and any of the significant life events between women with stillbirths and those with healthy term live births.
Women with stillbirths were not more likely than women with healthy term live births to report having experienced any CM (Table 2) . However, women with stillbirths were more likely to report emotional neglect (p-value=0.02). When stratified by maternal race/ethnicity, Hispanic women had the highest proportion reporting emotional and physical neglect, especially among those who experienced a stillbirth and completed the follow-up interview in Spanish (emotional neglect: 78.5%; physical neglect: 84.7%; Table 3 ). Among healthy term live births, non-Hispanic white women had the highest proportion reporting none or minimal abuse or neglect for every subscale in comparison to non-Hispanic black women and Hispanic women. Consequently, non-Hispanic white women with a healthy term live birth had a lower proportion of women who reported experiencing at least one type of CM than non-Hispanic black women and Hispanic women. For example, 42.4% of non-Hispanic black women, 31.1% of Hispanic women, and 15.0% of non-Hispanic white women reported childhood exposure to sexual abuse.
The odds ratio (OR) for any CM experienced among the total population was 1.11 (95% confidence interval [95% CI]: 0.70, 1.74) ( Table 4 ). The OR for emotional neglect among the total population was 1.93 (95% CI: 1.17, 3.19); stratified results were consistent in the direction of the association. However, the only significant stratified result was for Hispanic women interviewed in Spanish. The ORs for emotional abuse, physical abuse, physical neglect, and sexual abuse were not statistically significant in either the total or stratified populations. Additionally, tests of interaction between maternal race/ethnicity and each of the types of CM were not statistically significant. These findings were consistent in a sensitivity analysis that included preterm births in the control group (results not shown).
The minimization/denial score indicated that 46.3% of women with stillbirths and 51.2% of women with healthy term live births might be underreporting their exposure to CM (Table  2) . Assuming the bias model and parameters used are correct, the ORs and simulation intervals presented in Table S2 reflect estimates adjusted for this potential underreporting through probabilistic bias analysis. The ORs from this analysis were not meaningfully different from those obtained in the total or stratified populations (Table S2 ). Many of the simulation intervals did not include the null, likely due to the shift in the distribution of exposure that occurs when correcting for underreporting.
Discussion
Overall, there was no association between CM and stillbirth, except for the emotional neglect subscale. Although not statistically significant, there is a suggestion that the magnitude and direction of the association may differ with respect to type of abuse or neglect, race/ethnicity, and level of acculturation. Neglect subscales were the only subscales where the ORs were consistently above 1.0 across all race/ethnicity groups. Notably, the ORs for non-Hispanic white women were consistently greater than 1.0 for all types of abuse and neglect evaluated, but this was not the case for either non-Hispanic black women or Hispanic women.
Only one other study has evaluated a similar association of CM and fetal loss. Hillis et al. (2004) analyzed data from a retrospective cohort study of adult women and reported that the risk of fetal death for first and second pregnancies increased as the number of adverse childhood experiences increased. 32 Women in the Hillis et al. study were predominantly non-Hispanic white (77%) and college educated (72%), which may help explain the conflicting results. Further, Hillis et al. (2004) used a version of the Adverse Childhood Experiences scale, which measures a somewhat different construct of CM than that measured by the CTQ, with eight categories: three related directly to the child (verbal abuse, physical abuse, and sexual abuse) and five related to the environment in which the child grew up (intimate partner violence, household substance abuse, mental illness in household, incarcerated household member, and parental separation or divorce). The CTQ does not capture situations that may lead to a stressful environment for the child, such as separation or divorce. However, the CTQ captures both emotional and physical neglect, which are omitted from the Hillis et al. study and from many studies examining the effects of adverse childhood experiences. 52 Despite lack of statistical significance, the variation in observed associations between women of different racial/ethnic groups and levels of acculturation merit discussion. Cultural differences may play an important role in this variation. Non-Hispanic black individuals are more likely than members of other groups to be punished physically, and studies suggest that their experience of physical punishment has a different psychological impact than it does in other populations. [53] [54] [55] In the CTQ, psychological impact is not assessed, so that physical punishment may over-estimate physical abuse in a non-Hispanic black population. 56 Another concern is that baseline exposure to non-measured stressors, including chronic exposure to racism and discrimination, may affect the impact of early life stressors on reproductive health. 57 The high prevalence of these exposures in non-Hispanic black women may make it difficult to discern the effect of abuse in a chronically stressed population, thereby resulting in smaller effect sizes. 57 A study evaluating abuse in childhood and adulthood in relation to preterm delivery also reported stronger relationships in white/other women (OR: 1.6; 95% CI: 1.1, 2.5) as compared to African-American women (OR: 0.8; 95% CI: 0.4, 1.5). 58 The influence of additional stressors may also be relevant to the differences in ORs for Hispanic women who were interviewed in English versus Spanish. English-interviewed women had ORs similar to those of non-Hispanic black women, while the ORs for women who were interviewed in Spanish were more similar, and in some cases much larger in magnitude, than those for non-Hispanic white women. This was particularly true for the neglect subscales. It is plausible that English-interviewed Hispanic women, who have lived as minorities in the United States for several years or their entire lives, have experienced more instances of discrimination than Spanish-interviewed women, all of whom spent some of their lives not as minorities in the United States. 59 However, these results should be interpreted with caution due to the small sample sizes for the stratified populations.
Strengths of this study include the relatively large sample size and sampling methods used to ensure a diverse population. Nonetheless, the sample size may have been too small to identify subtle differences, especially in stratified analyses. Another strength is that CM was evaluated using a validated questionnaire (CTQ) administered by trained interviewers using a standard protocol. Additionally, stillbirth cases with causes unlikely to be related to stress were excluded from the analysis. Analytic strengths also include adjustment for selection bias, loss to follow-up, and exposure misclassification.
An important limitation of our study is the substantial loss to follow-up (>50% in cases and controls) that occurred in the SCRN-OASIS study. We accounted for this using stabilized inverse probability weights based on characteristics deemed related to participation in the follow-up study. However, we were limited to characteristics evaluated in the SCRN study and it is possible that unmeasured factors influenced participation, which would limit our ability to control for bias introduced due to loss to follow-up.
Another limitation is possible underreporting of the exposure. Underreporting is more common than over-reporting, so our results may underestimate the true prevalence. 60 Additionally, the CTQ is designed to be self-administered, and employing a telephone interview may have contributed to underreporting due to the respondent's perceived lack of privacy and/or confidentiality. For this reason, we used the most sensitive cut point to dichotomize the exposures. We also conducted a probabilistic bias analysis to quantify the potential impact of underreporting and the results were consistent with our main findings. However, types of CM may have different rates of underreporting, which we were unable to account for in our bias analysis.
Recall bias is also a concern in this analysis. Since the CTQ was completed after the index delivery, responses could be affected by the outcome of the delivery. However, based on the minimization/denial scores, underreporting seems to have been similar irrespective of pregnancy outcome (Table 2) . Additionally, a study evaluating test-retest reliability of the CTQ in pregnant women (before and after delivery) found at least moderate agreement for every subscale except physical neglect. 61 This suggests that compared to other trauma types, physical neglect may be more prone to selective recall. Further, a study comparing prospective and retrospective measures of CM found that retrospective measures may underestimate the association of CM with objective adult health outcomes. 62 
Conclusions
Health professionals are increasingly recognizing the importance of a psychosocial life course perspective in studying and ultimately preventing adverse perinatal outcomes, although seldom with respect to stillbirth. 63, 64 The results of this study, especially for neglect, should be replicated in future studies of CM. Where study design allows, prospective assessments of CM would also help eliminate possible recall bias. Longitudinal studies would also offer the opportunity to assess the development of risky health behaviors, which may serve as mediators of the relationship between CM and stillbirth.
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